ABSTRACT:An experiment was conducted to determine the effects of dietary supplementation of prebiotic, betaine and their combination in duck diets on growth performance, nutrient digestibility, carcass criteria and cecum microbial population of ducks under hot environmental conditions. Treatment groups were fed on a control diet, the control diet supplemented with prebiotic as Bio mannanoligosaccharides (Bio MOS, 1 g/kg), the control diet supplemented with Betaine (1.5 g/kg) and the control diet supplemented with a combination of Bio MOS (1 g/kg) and Betaine (1.5 g/kg). A total of 80 Mollar ducks (average weight = 620.91 g, 20 day of age) were randomly assigned into 4 equal treatment. Each treatment was sub-divided into 5 replicates pens (4 ducks per pen) for 35 day from 20 th of April to 25 th of May 2017 in open house. Supplementation of Bio MOS and Betaine, separately as well as combined, significantly improved growth performance and feed conversion ratio. Digestibility of crude protein and crude fiber had significantly increased by the three additions. Total count of E.coli bacteria had decreased significantly and the total count of lactobacillus bacteria had increased significantly in prebiotic and combination treatments. Carcass weight, dressing percentage, intestinal weight and live body weight had improved significantly by the three treatments comparison with control one, however, liver, heart, spleen, gizzard, cecum and head weight didn't affect by the additions.
INTRODUCTION
Heat stress (HS) is a condition that occurs when an animal is exposed to above optimal temperatures and humidity. Heat stress is a major problem that adversely affects on performance and physiological traits of poultry which induce many physiological, endocrine and productive responses (Khan et al., 2012) . Heat stress is characterized by decreased feed consumption and body weight gain, reduced metabolic rate and intestinal microbial dys-biosis (Quinteiro-Filho et al., 2012) . Therefore, HS alters lipid metabolism differently from what would be expected based upon calculated wholebody energy balance. Several intervention strategies have been proposed for alleviating the negative effects of heat stress in poultry, including environmental management, nutritional manipulation, as well as inclusion of feed additives in the diet, although the effectiveness of most of the interventions has been variable or inconsistent. Betaine is not present in large quantities in poultry feedstuffs such as corn and soybean, the dietary betaine supplementation is necessary to improve the productive performance and reduce the negative impact of heat stress on viability and immune response by improving cell osmoregulation (Attia et al., 2005) . Betaine is a multi-nutritional agent that may help birds to resist poor management and heat stress (Awad et al., 2014) . Other studies have indicated that betaine can cause improving growth, feed efficiency and breast yield (Rao et al. 2011) , improved performance and dressing percentage under heat stress (Sayed and Downing, 2011) . Many researches have been conducted to define and explore the importance of using prebiotics. Prebiotics are a general term refers to chemicals that induce the growth or activity of microorganisms (e.g., bacteria and fungi) that contribute to the well-being of their host (Schloss, 2014) . Prebiotic should increase the number or activity of bifidobacteria and lactic acid bacteria , the importance of the bifidobacteria and the lactic acid bacteria is that these groups of bacteria may have several beneficial effects on the host, especially in terms of improving digestion including enhancing mineral absorption, and the effectiveness and intrinsic strength of the immune system (Seifert and Watzl, 2007) . In some studies the ability of prebiotic to be used as alternative feed additive has already been proven and thus started to play a decisive role in nutrition of poultry. The benefits of mannanoligosaccharides (MOS) are based on specific properties, including modification of the intestinal micro-flora, reduction in turnover rate of the intestinal mucosa, and modulation of the immune system in the intestinal lumen, these properties have the potential to enhance growth rate, feed efficiency, and livability in poultry species (Parks et al., 2001 ). Nevertheless, the use of prebiotics in diets for poultry has been shown improvement in bird's immunity and increasing performance. We hypothesize that dietary supplementation of prebiotic and betaine improves the measures of performance due to its antioxidant and antibacterial activity. The aim of the present study implied an evaluation of the potential effects of dietary supplementation of prebiotic, betaine and their combination on growth performance, nutrient digestibility, carcass criteria and cecum microbial populations of ducks under hot environmental conditions.
MATERIALS AND METHODS

Experimental birds, design and feed preparation
The birds were housed in floor pens on deep litter in an experimental farm of the Agricultural Research Centre of the Agriculture Faculty, South Valley University, Qena, Egypt. A total of 80 Mollar ducks (average weight = 620.91 g, 20 day of age) were randomly assigned into 4 equal treatment. Each treatment was sub-divided into 5 replicates (4 ducks per pen). One of the groups served as a control and was given a commercial basal diet, whereas the other three groups were given the same diet further supplemented with Betaine (1.5 g/kg), prebiotic as Bio mannaoligosaccharides (Bio MOS, 1 g/kg) and a combination of Betaine (1.5 g/kg) and prebiotic (1 g/kg), respectively for 5 weeks (from 20-55 days of age). Replicates were equally distributed into the breeding room pens (100×90×80 cm 3 ). The experimental diets were formulated to meet and exceed the nutrients requirements of NRC (1994) . The composition and nutrient content of the growing diet are shown in Table 1 . The birds were fed on diets in mash form during the experiment period. First, the supplementations of betaine, prebiotic and the combination were mixed separately in 1 kg of the basal diet each and then they were added to 2 kg of the basal diet and mixed separately then they were added perfectly to the required feed amount for the prescribed experimental period. 
Carcass criteria
At 55 day of age (end of the experiment), fifteen birds from each treatment representing the average body weight of such treatment was slaughtered (4 treatments × 15 birds = 60 birds). After slaughtering and bleeding the birds were scalded and feathers were plucked. Carcasses were eviscerated, heads and shanks were separated, and then the carcasses were chilled in a tap water for about 10 minutes. Eviscerated carcasses were individually weighted and dressing percentage was calculated (weight of carcass + giblets + abdominal fat/preslaughter weight *100). Percentage of liver, gizzard, spleen, heart, intestine, cecum and head were measured related to carcass weight.
Digestibility trail
The diet intake was measured and excreta were collected over a 3 days period for each duck. The fecal samples were dried in a forced air drying oven 60 C for 72 h and ground with a mill using a 1-mm screen for chemical analysis. (Table 2 ). Body weight, body weight gain and feed conversion ratio had significantly (P<0.001) improved by the three treatments in comparison with control one during the three periods (20-41, 42-55 and 20-55 days of age). There was one mortality case in the second replicate of control treatment it resulted from heat stress. The death duck was at the 3 rd week of age of which could be due to high temperature. The death bird symptoms after bird dissection were high body temperature, aspiration in the abdominal cavity, severe inflammation of the rectum, hemorrhagic spots inside air bags and appearance of a large clotted blood spot inside the abdominal cavity. The general health status of other ducks was good throughout the experimental periods. The effects of prebiotic alone and betaine alone as well as in combination significantly (P<0.001) increased the body weight, body weight gain and feed intake during periods of 20-41, 42-55 and 20-55 days of age. Feed conversion ratio was significantly improved (P<0.001) by supplementation of prebiotic alone, betaine alone or in combination during 20-41, 42-55 and 20-55 days of age.
Nutrient digestibility
Dietary supplementation of prebiotic, betaine or their combination significantly (P<0.005) increased crude protein digestibility and significant increased (P<0.001) in crude fiber digestibility (Table 3 ). There were no significant (P≥0.05) effects on dry matter and ether extract.
Carcass characteristics
The addition of prebiotic, betaine or their combination significantly (P<0.001) increased in live body weight, carcass weight, dressing% and intestine weight (Table 4 ). There were no significant (P≥0.05) effects on the relative weight of liver, heart, spleen, gizzard, head and cecum.
Microbial enumerations
In the current study we have observed significant (P<0.001) decreased in the total count of E.coli bacteria and significantly (P<0.01) increased in the total count of lactobacillus bacteria by the single prebiotic supplementation ( Figure  1 and 2). There were no significant (P≥0.05) effects on the total count of E. coli or lactobacillus bacteria by single betaine supplementation. The combination of prebiotic and betaine leads to significant (P<0.001) decreased in on the total count of E.coli bacteria and significant (P<0.05) increase in the total count of lactobacillus bacteria. DISCUSSION As a result of scarcity of available reports on effect of prebiotic and betaine on ducks, comparison was done with other studies that used other poultry. The benefits of prebiotic are based on specific properties, including modification of the intestinal micro-flora, reduction in turnover rate of the intestinal mucosa, and modulation of the immune system in the intestinal lumen, these properties have the potential to enhance growth rate, feed efficiency, and livability in poultry species (Parks et al., 2001 ). These beneficial effects might be directly associated with improvements in duck performance. In the present study, the general health status of ducks was good during the experimental periods. In current study, the effects of prebiotic, betaine and their combination treatments were observed on body weight, daily feed intake and daily body weight gain and feed conversion ratio, while there was not an additive effect on mortality in the supplementations.
The single supplementation of prebiotic to the ducks diet improved body weight, daily feed intake and daily body weight gain and feed conversion ratio. These results were in agreement with Toghyani et al. (2011) who reported that using 1g / kg MOS significantly (P<0.05) increased feed intake, body weight and feed efficiency on broiler chicks. Also Konca et al. (2009) reported that using of 1g / kg MOS to turkey diets significantly (P<0.05) increased feed intake and feed conversion ratio, while they found that the addition did not affect body weight and body weight gain during the trial (P>0.05). Adding MOS to broiler chicks had gave higher (P<0.05) body gain, feed intake and lower feed conversion ratio compared with the control under heat stress (Sohail et al., 2012) . Likewise, Abdel-Raheem et al. (2011) reported that the addition of 2g/kg of MOS on broiler chicks in the starter diets and 0.5 g/kg of the grower diets significantly increased (P<0.01) feed intake and body weight, but mortality rate was numerically lower not statistically. Similar to the present study, Wang and Zhou (2007) conducted an experiment on 60 Pekin meat ducks and used prebiotics (MOS) by 3000 mg/kg at age of 0 to 2 weeks and by 2500 mg/kg at the age of 3 to 7 weeks, they reported that the supplemented groups had significantly (P<0.01) higher body weight gain, feed intake and feed efficiency. In the current study a single betaine supplementation resulted in significant increase in feed intake, body weight, feed conversion ratio and daily weight gain. These results are in agreement with Awad et al. (2014) who reported that betaine supplementation at 0.5, 1.0 and 1.5 g/kg to Domyati duckling's diet resulted in significant increase on body weight, body weight gain, feed intake and feed conversion ratio. Also Nofal et al. (2015) claimed that betaine supplementation in heat stress conditions by 0.1% or 0.2 % had significantly increased body weight, body weight gain and feed conversion ratio. Supplementation of betaine at 800 mg/kg to broilers diets significantly influenced on body weight gain at 21 d of age (P<0.01) and feed conversion efficiency at 42 d of age (P<0.05). Betaine supplementation at levels of 0.1%, 0.2% and 0.4 % with heat stress had a higher (P<0.01) feed intake, body weight gain and lower feed conversion ratio (Shaojun et al., 2015) . In contrast to the current study Sakomura et al. (2013) reported that betaine supplementation at 0.05% and 0.075% in male broilers diet resulted in no significant effect on feed intake, body weight gain and feed conversion ratio. In the current study the addition of prebiotic alone resulted in significant (P<0.001) increased in crude protein and crude fiber, but there was no significant effects on ether extract and dry matter. This may increase the ability of ducks to overcome the effects of heat stress. Similar to the present study Gultepe et al. (2011) (Houdijk et al., 1998) . Single betaine supplementation significantly (P<0.05) increased in crude protein, crude fiber and haven't any significant effects on dry matter or ether extract. These improvements could be due to betaine is a trimethyl derivative of the amino acid glycine. It is a methyl group donor, donating its labile methyl group (CH3), and plays an important role in the metabolism of protein and energy (Ratriyanto et al., 2009) . Moreover, betaine has the potential to improve nutrient digestibility by improving the growth and survival of intestinal cells, as well as intestinal microbes (Kettunen et al., 2001) . These results agree with Ratriyanto et al. (2017) who reported that betaine supplementation by 0.06 % and 0.12 % significant (P<0.05) increase in crude protein, crude fiber, but they have not any significant effects on dry matter. Also, Attia et al. (2016) reported that betaine supplementation by 1000 mg / kg to laying hen diet resulted in significant (P<0.001) improve in crude protein, and there weren't any significant effects on crude fiber, dry matter and ether extract digestibility. Awad et al. (2014) found that betaine supplementation by 0.5, 1.0 and 1.5 g betaine /kg domyati ducks diet (24-wks-old) resulted in no significant effects on dry matter coefficient as well as ether extract as compared to the control, in contrast crude protein, nitrogen free extract and crude fiber coefficients were significantly improved for the groups fed 1.0 and 1.5 g B/kg diet as compared to those fed the control diet. Contrast to our study Ratriyanto et al. (2009) used combination of inulin and betaine by 0.2% and 0.4% respectively in piglets diet and they reported that ileal dry matter digestibility significantly (P<0.05) increased, but betaine supplementation did not affect ileal and total tract digestibility of ether extract and crude protein.
In the present study the addition of prebiotic only significantly (P<0.001) increased live body weight, carcass weight, dressing % and intestine weight. There were no significant effects on the weight of liver, heart, spleen, gizzard, head and cecum. These results are in agreement with Abdel-Raheem et al. (2011) who found that there is a significant increase (p<0.05) in the carcass weight and dressing % and there was no significant effects on weight of liver, heart, spleen, gizzard, and head. However, Konca et al. (2009) in their experiment found that the effects of adding MOS on carcass had no significant effect on carcass weight, breast, thigh, wing, liver, heart, gizzard, intestinal system or abdominal fat (P>0.05). Furthermore Wang and Zhou (2007) found that there were no significant increase in internal organs and breast yield. Similar to the present study Toghyani et al. (2011) reported that liver. pancreas, gizzard, heart, small intestine and cecum weights of broiler chicks were not markedly affected by prebiotic. Attia et al. (2015) reported that using MOS by 0.083 g/rabbit/day resulted in significantly (P<0.01) increased dressing, liver and lung percentages and significantly (P<0.01) reduced the pancreas, test and heart percentges. In the current study, the effects of betaine alone were significant (P<0.001) increase in live body weight, carcass weight, dressing % and intestine weight, but there weren't any significant effects on the weight of liver, heart, spleen, gizzard, head, and cecum. These results are in line with Nofal et al. (2015) who reported that dietary betaine effects on carcass characteristics since carcass weight, dressing, thigh, breast and giblets percentages were improved significantly (P≤0.01) by betaine supplementation at levels of 0.1 or 0.2% than the control group. In contrast Sakomura et al. (2013) reported that betaine supplementation by 0.05 and 0.075% to male broilers diet resulted in no significant effect on carcass, breast yield and internal organs compared with negative control diet. In the current study we observed significant (P<0.001) decrease in the total counts of E.coli bacteria and significant (P<0.01) increase in the total counts of lactobacillus bacteria by the single prebiotic supplementation (Figure 1 and 2). These results are similar to Geier et al. (2008) who found that using MOS at 5 g/kg and FOS at 5 g/kg broiler chickens diet resulted in significant increase in ileal Lactobacillus. The prebiotic treatment groups showed significantly higher lactobacillus levels and lower E. coli levels than did control treatment groups (Kim et al. 2011 ). Prebiotic supplementation at the level of 0.22% increased lactobacilli and decreased E. coli populations in the ileal content of broilers (Choi et al. 1993) . In contrast to our study Abdel-Raheem et al. (2012) reported that using MOS by 2 g/kg of the starter and 0.5 g/kg of the grower broiler chickens diets failed to elicit any significant (P>0.05) effect on the total lactobacilli and E coli colony counts at day 21 in the different parts of the small intestine (duodenum, jejunum, ileum and cecum). Bonos et al, (2010) used MOS by 1 and 2g/ kg in Japanese quail diet, they reported that there was no significant (P>0.1) effect was found by the addition on lactic acid bacteria, total aerobic bacteria and total account of E.coli or lactobacillus bacteria by single betaine supplementation. Ratriyanto et al. (2009) reported that dietary supplementation with combination of inulin and betaine by 0.2%, 0.4 respectively in piglets diet did not affect (P>0.05) the concentration of various microbial metabolites both at the ileal and faecal level. Eberhard et al. (2007) failed to show any beneficial effects of dietary inulin supplementation on the formation of microbial metabolites. Ding et al. (2018) claimed that using xylooligosaccharides (XOS) by 0.01, 0.02, 0.03, 0.04, or 0.05% significantly increased (P<0.01) the cecum count of Bifidobacteria and butyric acid concentrations, however, there were not effects on total bacteria count, Lactobacillus, and Escherichia coli in the cecum. In contrast, Suo et al. (2015) found that XOS supplementation did not affect (P>0.38) on the populations of Escherichia coli, Salmonella, Lactobacilli, or Bifidobacterium in the cecum. In the present study using betaine alone did not have significant (P>0.05) effects total count of E.coli and Lactobacillus bacteria (Figure 1 and 2) . These results are in agreement with Kets, et al. (1993) who found that betaine addition by 2Mm had no significant effects on survival rates of Lactobacillus plantarum after drying. In contrast to our study Ratriyanto et al. (2009) reported that using betaine and inulin by (0.2 and 0.4%) respectively in piglets diet had no significant (P>0.05) effect on the concentration of various microbial metabolites both at the ileal and faecal level. We have observed that the combination of prebiotic and betaine had significant decreased in the total count of E.coli bacteria and significant increase in the total count of lactobacillus bacteria, indicating, synergistic effect of prebiotic and betaine may help to control or reduce the growth of harmful bacteria and increased beneficial bacteria of ducks under hot environmental conditions. Dietary betaine and prebiotic may protect intestinal cells and intestinal microbes and believed to have a positive effect on the welfare and productivity of the host bird (Ratriyanto et al., 2009; Kim et al., 2011) . Furthermore, betaine may be beneficial in improving the welfare of broiler chickens, subjected to heat stress (Egbuniwe et al., 2016) . CONCLUSIONS In view of the above findings, it can be concluded that dietary prebiotic at 1g/kg diet, betaine at 1.5 g/kg diet, or their combination resulted in improving productive performance, nutrient digestibility, carcass yield and cecum microbial population of ducks, indicating a possible synergistic effect of prebiotic and betaine and could alleviate the negative impacts of hot environmental conditions. 4.60 a Supplied vitamin-mineral premix contents per kg: 2400000 IU vitamin A; 1000000 IU vitamin D; 800 mg vitamin K; 16000 IU vitamin E; 650 mg vitamin B1; 1600 mg vitamin B2; 1000 mg vitamin B6; 6 mg vitamin B12; 8000 mg niacin; 400 mg folic acid; 3000 mg pantothenic acid; 40 mg biotin; 3000 mg antioxidant; 80 mg cobalt; 2000 mg copper; 400 mg iodine; 1200 mg iron; 18000 mg manganese; 60 mg selenium; 14000 mg zinc. 
